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ABSTRACT : 

PROBLEM TO BE SOLVED: To obtain a method and an apparatus for forming samples which can 
turn samples to flakes without greatly damaging the samples. 

SOLUTION: A sample 1 is held horizontally in a vacuum chamber 2 which is maintained to 
a high vacuum by a not illustrated evacuation apparatus. A window 3 is formed to an 
upper face of the vacuum chamber 2. Ion guns 4 are set in the vacuum chamber 2 for 
projecting ion beams to an upper and a lower surfaces of the sample thereby ion 
polishing the sample. An excimer laser light 6 generated horizontally from an ArF 
excimer laser oscillator 5 is reflected downward by a mirror 8 after passing a 
condenser lens 7, and shed onto the surface of the sample 1 through a lens 9, a shutter 
10 and the window 3 . 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the method and equipment which can create the flake 
sample to which thickness was especially adjusted with the atomic scale about the creation technology of the sample observed 
with an electron microscope. 
[0002] 

[Description of the Prior Art] the materials design of the atomic scale of an exotic material spreads focusing on semiconductor 
industry, and the observation technology of a high level by the electron microscope based on wave mechanics and the theory for it 
are developed as important evaluation technology supporting this -- a front face is smooth for performing them and the flake 
sample to which there is no injury in the interior or a front face, and thickness was adjusted on atomic level is required 
perform(ing) 

i [0003] For example, it is the composition lattice-image (Chemical Lattice Image) method which this invention person etc. 

developed, and in order to observe the interface atomic structure of a semiconductor heterostructure, it is indispensable to create a 
1 flake sample by the thickness doubled with the electron wavelength excited within a sample. 

[0004] Creation of such a flake sample has been conventionally performed by the procedure of decision (logging) of (1) sample, 
(2) mechanical polishing (mirror polishing), and (3) ion polish. 

[0005] Decision of a sample is performed using a diamond cutter etc. and the started sample receives mechanical polishing in a 
procedure as shown in drawing 1 . In drawing 1 , as (a) shows first, a sample is placed on a glass base, and it is fixed with a wax 
so that it may not move. Next, mirror polishing is given to the whole surface of a sample, and the ring for reinforcement is stuck 
on (b) and its front face (c). and a sample -- every shrinkage ring - being reversed -- the opposite field of a sample -- a top 
becoming -- making a wax ~ fixing - (d) and (f) which performs mirror polishing again and removes (e) and a sample 
[0006] And ion polish of the sample front face is carried out by setting the removed sample in ion irradiation equipment, and 
irradiating an ion beam with the suitable degree of illuminating angle. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the ion polish which flips off the sample atom near the front face by the 
kinetic energy of a fast ion, deletes, and goes, many fast ions which did not contribute for flipping off destroy the crystal lattice 
near the front face, it not only makes most amorphous, but it advances into the interior further, the variation rate of the atom of a 
sample crystal is carried out from a grid position, it makes a hole atomic pair and its aggregate, and the ion itself remains in a 
sample. 

[0008] Thus, since the ion grinding method is asking the kinetic energy (so to speak Newtonian mechanics) of ion for the 
principle of polish, serious damages, such as a lattice defect and grid destruction, are given to a sample front face and its near, and 
it becomes difficult to perform the right observation of a sample, moreover . The ion which remained in the sample pollutes a 
sample and also has the problem of having big influence on the quality about composition of a sample, and quantitative analysis. 
[0009] Furthermore, the ion grinding method also has the problem that polish of the hard matter takes time. As a semiconductor 
material of the near future, research of an artificial diamond is advanced, and in order for an electron microscope to perform 
evaluation of the atomic structure and the electronic structure, it is necessary to flake[ super-] -ize this. However, in order to 
flake -ize the hard matter by the ion grinding method like a diamond, it is difficult to evaluate quickly by requiring a long time 
extremely. 

[0010] Even if flake-izing is possible for this invention and it is moreover the hard matter like a diamond, without being made in 
view of many points mentioned above, and giving a serious damage to a sample, it aims at offering the sample creation method 
and equipment in which flake-izing is possible for a short time. 
[0011] 

[Means for Solving the Problem] this invention which solves the above-mentioned technical problem is characterized by 
irradiating a laser beam on the sample front face arranged in a vacuum, and flake-izing a sample by the quantum effect atom 
ablation. 
[0012] 

[Embodiments of the Invention] Hereafter, although the gestalt of operation of this invention is explained in full detail based on a 
drawing, in advance of explanation of an example, the fundamental view of this invention is explained first. As mentioned above, 


1 of 3 


11/1/02 12:41 PM 


http7/www4 Jpdl.jpo.go.jp/cgi-bin/tran_web_cgLejje 


the origin of the problem in the ion grinding method is in the place which asked the kinetic energy of ion with limited mass for the 
energy for atomic ablation. 

[00 1 3] Without doing an injury to the matter in any way by using an electromagnetic wave (specifically laser beam) instead of ion 
according to research of this invention person, combination between atoms was able to be cut and the atom near the front face was 
able to be exfoliated. That is, by choosing suitably the wavelength of the electromagnetic wave which irradiates a sample so that it 
can side with the binding energy between atoms of the matter, combination between atoms was able to be cut and the atom near 
the front face was able to be exfoliated. 

[0014] Although processing cutting of the material by laser etc. is performed conventionally, these are performed by changing and 
using the energy of laser for heat, and are always large power-oriented. The conventional expansion [ in / such laser processing / 
in this invention ] differs in a direction 180 degrees. 

[0015] In this invention, the most fundamental requirements are aiming at alignment of the energy of laser, and the atomic-union 
energy of the matter. The following is the cohesive energy of a familiar solid matter (cohesive energy of the element in OK and 
latom). 

C:7.37 (eV/atom and the following the same) and Si: ~ 4.63, germanium:2.81, Fe:4.28, Cu:3.49, and aluminum:3.39 - the 
combination with the energy quantity of only this — the kinetic energy of ion — not but, it is not necessarily easy for an 
electromagnetic wave to cut When energy is too high not much although the gamma rays with short wavelength etc. are 
ovewhelming if it becomes as energy is high, there is conflict of passing without an interaction through the matter. Then, as a 
result of this invention person's examining the wavelength of the laser which an interaction is acquired and can cut the 
combination between atoms of the above solid matters ranging from the free electron laser (0.6meV) to X ray laser (410eV) with 
the shortest (energy is high) wavelength with the longest (energy is a low) wavelength, it found out that an excimer laser was the 
optimal in respect of atomic ablation of a sample front face. 

[0016] It seems that the excimer laser put in practical use was shown in Table 1 now. 
[0017] ■ 

table 1 Rare-gas excimer Rare-gas halide excimer Gas molecule (excitation state) Ar2 Kr2 Xe2 ArF KrCl KrF XeCl XeF Main 
wavelength (nm) 126 146 172 193 222 248 308 351 Photon energy (eV) 9.84 8.49 7:21 6.42 5.59 5.00 4.03 If semiconductor 
materials, such as 3.53 silicon and germanium, are objects, although it can exfoliate by cutting combination between atoms using 
almost all excimer lasers When it makes into a criterion for polish of the diamond mentioned above to be possible, it will be 
called what has wavelength shorter than the absorption end of a diamond. Since what has wavelength longer than this does not 
have an interaction and is only penetrated, even if it adopts it, it is meaningless. The wavelength equivalent to the absorption end 
of a diamond is about 250nm, and its ArF excimer laser with a wavelength of 1 93 nm is the optimal. When using this ArF excimer 
laser, the combination between atoms of almost all matter, such as silicon including a diamond, germanium, and iron, was cut, and 
it was checked by this invention person that an atom can be exfoliated. 
[0018] 

[Example] Drawing 2 is the block diagram showing an example of the atomic ablation type sample flake listing device based on 
this invention. In drawing 2 , a sample 1 is held horizontally in the vacuum chamber 2 maintained by the high vacuum with the 
evacuation equipment which is not illustrated. The aperture 3 is formed in the upper surface of a vacuum chamber 2. Moreover, 
in the vacuum chamber 2, the ion gun 4 for irradiating an ion beam on the top front face and bottom front face of a sample, and 
performing ion polish is formed. 

[0019] After the excimer laser light 6 horizontally generated from the ArF excimer laser oscillation machine 5 passes a condenser 
lens 7, it is caudad reflected by the mirror 8 and it is irradiated by the front face of a sample 1 through a lens 9, a shutter 10, and 
an aperture 3. 

[0020] The operating room for the control unit for 1 1 controlling the oscillation of the ArF excimer laser oscillation machine 5 
and 1 2 performing sample exchange into a vacuum chamber and 1 3 are sluice valves into which it divides possible [ a free 
passage ] between a vacuum chamber and operating room. 

[0021] The maximum energy value 6.6x103 of a pulse (W) is acquired, and pulse separation can adjust the ArF excimer laser 
oscillation machine 5 used for the experiment in 0. 1 seconds to 2.75 seconds. Although pulse width could also be adjusted, it 
fixed and used for 2.5 nanoseconds. 

[0022] (4) silicon carbides were chosen from (1) copper from a metal, (2) silicon from a semiconductor, (3) epoxy resins from 
the organic substance, and ceramics as an object sample of a flake-ized experiment, the sample which mirror polishing ended in 
the vacuum chamber 3 was set, and laser was irradiated. 

[0023] An epoxy resin (3) advances very quickly [ ablation of the surface field by the excimer laser ] as a result of an experiment. 
Although we were anxious about a laser wave being reflected by the surface free electron, copper's (l)'s was [ advance of ablation 
] quick rather. At this point, both are similar. Another similar point of both is that heat process has seemingly accounted for quite 
many rates to secession ablation of a surface atom, for this reason, the front face after ablation - the character was not necessarily 
smooth and discoloration was also observed This shows comparatively the thing of quantum process and thermal process which it 
participates in ablation inclined toward thermal process. Therefore, it is required to perform selection of the wavelength of laser 
and adjustment of an energy density still more appropriately, and to make [ many ] the rate of ablation by quantum process about 
these two matter. Moreover, it was checked that a silicon carbide (4) can exfoliate a surface atom by irradiation of an excimer 
laser. [0024] The semiconductor matter has the most serious problem in the matter taken up in the experiment. In an experiment 
of silicon, after mirror polishing according to the procedure shown in drawing 1 , only ion polish by ion beam irradiation is given 
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using the equipment of drawing 2 , and a flake-ized sample as usual is obtained, this by the penetrated type high resolution 
electron microscope The light field image (low scale-factor image) and the lattice image were photoed, after setting the sample in 
the equipment of drawing 2 again and performing ablation by laser radiation, photography of a light field image and a lattice 
image was performed similarly, and both were compared. 

[0025] In ion polish, the incident angle of 3.5k V and argon ion PIMU was made into 3 degrees for acceleration voltage. They are 
the conditions from which a good result is most obtained about covalent-bond matter, such as silicon. As for the ablation by the 
laser radiation about silicon, the good result was obtained with the pulse number 4 and the incident angle of 90 degrees for 
maximum peak-height 0.08mJ, 2.5 nanoseconds of pulse width, and pulse-separation 2 seconds as a result of much examinations. 

[0026] Drawing 3 (a) shows the electron microscope light field image of the sample created by ion polish, and drawing 3 (b) 
shows the electron microscope light field image of the sample which added and created the ablation process by laser radiation 
further. The contrast of a patchy pattern is remarkable so that drawing 3 (a) may show by the sample created by ion polish. This is 
a strain figure by the lattice defect which high-speed argon ion trespassed upon the interior of a sample, and was generated. By the 
sample which added and created the ablation process by laser radiation, most disordered contrast by such defect is not seen so that 
drawing 3 (b) may show. If the sample edge of (a) and (b) is compared, in (b), it is almost linear to (a) being wavy. This shows 
that surface irregularity is removed almost completely by ablation by laser radiation, and is smooth by it. Moreover, that the strain 
figure of a lattice defect is removed in (b) shows that the lattice defect field was removed by laser radiation. 
[0027] Though the effect of ablation by laser radiation is natural also in the high-resolution observation in a high scale factor, it 
has appeared as a good result. By the sample flake-ized only by ion polish, the lattice image which shows the array of a grid 
(atom) under the influence of the irregularity by destruction of a surface layer and influence with the lattice defect which the ion 
which trespassed upon the interior generated although it is a defect-free single crystal sample in fact is variously confused by the 
place so that the high-resolution-electron-microscope lattice image shown in drawing 4 (a) may show. Signs that the ion which 
trespassed upon the interior is generating many secondary defects from this lattice image can be grasped concretely. 
[0028] On the other hand, by the sample which added the ablation process by laser radiation, there is no remarkable disorder of 
such an atomic arrangement, and the lattice image which shows the list of the orderly atom which is a crystal normal state of being 
is obtained so that the high-resoluuon-electron-microscope lattice image shown in drawing 4 (b) may show. Change of the image 
of as it becomes thick gradually is also a thing as theoretical from the portion with a thin sample edge. 

[0029] In addition, although the ablation process by laser radiation was added in the above-mentioned example after carrying out 
ion polish of the sample, even if it skips the process of ion polish and performs ablation by direct laser radiation from mechanical 
polishing, it is checked that an atom can be made to exfoliate from a front face, without generating a secondary defect etc. 
[0030] Furthermore, when laser radiation was performed using the equipment of drawing 2 about the artificial diamond, it was 
checked that flake-izing by atomic ablation is possible also about a diamond. At that time, it is high speed from the former 
according [ ablation speed ] to ion polish whether it is **, and it was checked rather than before that flake-izing is possible in a 
short time. 
[0031] 

[Effect of the Invention] As explained in full detail above, according to this invention, the method and equipment which can create 
the sample flake by the quantum effect atom ablation by easy operation of irradiating a laser beam, in a sample front face are 
realized. 


[Translation done.] 
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